Purpose: This study compared the effect of a honey-sweetened beverage with those of a commercial sports drink and a placebo on performance and inflammatory response to a 90-min soccer simulation. Methods: Ten experienced male soccer players randomly performed 3 trials (honey [H], sports drink [S], and placebo [P]), consuming the beverage before and during halftime for a total of 1.0 g/kg carbohydrate for H and S. Performance measures included 5 sets (T1-T5) of a high-intensity run and agility and ball-shooting tests followed by a final progressive shuttle-run (PSR) test to exhaustion. Blood samples were drawn pretest, posttest (B2), and 1 hr posttest (B3) for markers of inflammation, oxygen radical absorbance capacity (ORAC), and hormone response. Results: T2-T5 were significantly slower than T1 (p < .05), and a decrease in PSR time was observed from baseline (-22.9%) for all treatments. No significant effect of the interventions was observed for any performance measures. Plasma IL-1ra levels increased posttest for all treatments (65.5% S, 63.9% P, and 25.8% H), but H was significantly less than S at posttest and P at B3. Other cytokines and ORAC increased at B2 (548% IL-6, 514% IL-10, 15% ORAC) with no difference by treatment. Conclusion: Acute ingestion of honey and a carbohydrate sports drink before and during a soccer-simulation test did not improve performance, although honey attenuated a rise in IL-1ra. Ingestion of carbohydrate and/or antioxidant-containing beverages at frequencies typical of a regulation match may not be beneficial for trained soccer players.
ever, these studies used more frequent feedings than are typically feasible in a soccer match.
Oxidative stress can be a consequence of prolonged or intense exercise and may damage some molecules in the body (Peake & Suzuki, 2004) . One of the processes promoted by oxidative stress is inflammation, a reaction of the body to various physiological and metabolic stressors. Intense exercise may initiate an inappropriate inflammatory response leading to increased damage of cell membranes and muscle and signaling proteins and accelerated fatigue. High-intensity, intermittent exercise that mimics team sport has been shown to increase metabolic stress as noted by dramatic increases in markers of oxidative stress and inflammatory-responsive cytokines such as interleukin 6 (IL-6; Bishop, Gleeson, Nicholas, & Ali, 2002; Kingsley, Wadsworth, Kilduff, McEneny, & Benton, 2005; Nieman et al., 2007) . There is some evidence that various nutritional interventions such as antioxidant and carbohydrate supplements may reduce this response (Bishop et al.; Morillas-Ruiz, Villegas Garcia, Lopez, Vidal-Guevara, & Zafrilla, 2006) . Morillas-Ruiz et al. found that protein carbonyl production decreased (-23%) after a 90-min cycling test when participants had consumed a drink with polyphenolic antioxidants, compared with an increase (+12%) with placebo. Some researchers have demonstrated that carbohydrate supplementation can reduce the inflammatory response to prolonged exercise (Bishop et al.; Earnest et al., 2004; Nieman et al., 2005) . In one study, acute carbohydrate supplementation attenuated the rise in IL-6 after a 90-min intermittent-exercise test (Bishop et al.) . Team sports present a unique challenge in the timing and feasibility of nutritional supplementation during competition. Compared with endurance exercise, less is known about the potential effect of carbohydrate on oxidative stress and inflammatory responses with prolonged intermittent activities.
Honey is a carbohydrate source containing flavonoid compounds that act as antioxidants and may have ergogenic properties (Earnest et al., 2004) . Earnest et al. fed participants honey, dextrose, or a placebo before and during a 64-km cycling time trial. Although there was no significant difference between the individual trials, there was a trend for increased wattage over the last 16 km with honey. Clover honey is commonly available in U.S. markets and generally has a fructose-to-glucose ratio close to 1.0 (Ischayek & Kern, 2006) , making it similar in composition to most commercial sports drinks (Coombes & Hamilton, 2000) . Honey has also been reported to increase antioxidant status (Gheldof, Wang, & Engeseth, 2003) and may therefore be an attractive option for athletes seeking a natural alternative to other commercially produced sports beverages.
The primary purpose of this study was to compare the effect of a honeysweetened beverage with those of a commercially available sports drink and a placebo on a performance test designed to simulate the demands of soccer. Secondarily, the study was designed to determine the effect of the soccer simulation on antioxidant status and inflammation and whether consuming honey or a sports drink influences these responses.
Methods

Participants
Twelve healthy male soccer players (10 NCAA Division I, 1 postcollegiate, and 1 club player) with 11-25 years playing experience participated in this study during the 3 months before their fall season. Their physical characteristics are shown in Table 1 . Exclusion criteria included a history of inflammatory conditions, recent or chronic musculoskeletal injuries, and illness. Current smokers, individuals taking antioxidant supplements, and soccer goalkeepers were also excluded. Participants were asked to maintain their weight and refrain from dietary supplements for the duration of the study. Two participants had to drop out for health reasons and scheduling conflicts, so 10 participants completed the study. All participants provided written informed consent before participation; the institutional review board of Virginia Tech approved test procedures.
Baseline Measurements
Baseline measurements included body mass, height, and estimation of maximal oxygen consumption (VO 2max ) via a progressive shuttle-run (PSR) test (see Table  1 ). The PSR test was designed for soccer and involves repeated 20-m shuttle runs at increasing intensity until fatigue (Ramsbottom, Brewer, & Williams, 1988) . Ramsbottom et al. reported that VO 2max could be estimated from the final stage attained on a PSR using a regression equation. We used the baseline PSR for each participant to calculate running speeds as percentages of VO 2max (e.g., 55% for jogging and 120% for running) for the subsequent performance test. The test, similar to that described by others (Kingsley et al., 2005) , was used with the addition of some soccer-specific elements (Chamari et al., 2005; Cox, Mujika, Tumilty, & Burke, 2002) . All participants underwent an abbreviated mock-up of the protocol to acquaint themselves with the expectations of the test.
Performance Test
One week after completing baseline testing, the participants underwent the first of three performance trials, with the order of three nutritional manipulations (honey [H], sports drink [S], and placebo [P]) randomly assigned and tests separated by at least 1 week. On the day of the first trial, the participants arrived at the laboratory at 6:30 a.m. after an overnight fast, having eaten their last meal no later than On arrival, they were queried on their physical activity and diet from the previous 2 days, as well as their general health and symptoms of infection. Initial blood samples were collected (B1), followed by ingestion of the assigned treatment. The participants then rested for 30 min, walked to the testing location, and began a 10-min warm-up of jogging and stretching before the test protocol. The performance test consisted of five identical blocks approximately 15 min in duration with a 10-min "halftime." The protocol (Figure 1 ) was based on that described by Kingsley et al. (2005) , with a few modifications. First, in place of repeated shuttle running over a 20-m distance, our test used an indoor facility with a 55-m artificial-turf surface. Second, as determined by our pilot studies to induce fatigue, intensity of the run portion of our test was 120% of estimated VO 2max instead of the 85% used by Kingsley et al. Finally , the individual paces (audio signal beeps) were fed to each participant via a personal MP3 player instead of using cues from a public broadcast system. Cones were set up on the field at 9-m intervals, and a voice recording instructed each participant to jog to the 55-m mark and back, passing each cone with every audio signal. With this variation of protocol, each participant's pace was specific to his estimated VO 2max , and multiple participants could be tested simultaneously. Between blocks, participants successively performed a high-intensity timed run (HIR), an agility drill, and a precision ball-shooting drill (Chamari et al., 2005; Cox et al., 2002) . There was a 10-min halftime break between Blocks 3 and 4, during which participants drank the same volume of the treatment beverage as before. A PSR to fatigue concluded the test and constituted a performance measure. Blood samples were taken immediately after the conclusion of the PSR (B2) and 1 hr posttest (B3). Participants were instructed to rest and were allowed to consume only water ad libitum between B2 and B3. Participants were queried for their rating of perceived exertion after the ball-shooting drill of each performance block and after the final PSR. For the high-intensity run, each participant sprinted from the baseline to the 55-m mark and back twice for a total of 220 m, which is representative of the total amount of sprinting that typically occurs in a soccer match (Bangsbo, Norregaard, & Thorso, 1991) . Times (T1-T5) were recorded using a handheld stopwatch (Fisher Scientific Traceable, Pittsburgh, PA).
The agility drill consisted of forward and backward dribbling, forward sprinting, and "karaoke" running (a sideways skip in which the trail leg alternates crossing over and behind the lead leg) over a 45.7  27.5-m course similar to that used by Chamari et al. (2005) . Times were recorded using a handheld stopwatch.
For the ball-shooting drill, we used a modification of the drill used by Cox et al. (2002) , whereby each participant kicked a rolling ball eight times, attempting to hit a 1.8  1.2-m goal. Balls were rolled at 6-s intervals from a 1.2-m-high ramp positioned 13.7 m from the goal. Participants started 7.6 m behind the ramp, kicked the ball, and ran back to their starting position before kicking the next ball. Assessment was based on the number of balls crossing the front goal line.
Diet Interventions
To reduce the potential confounding effect of differing background dietary antioxidant intake, participants were instructed to limit their intake of fruits, vegetables, and juices for 48 hr before Trial 1. They kept a record of their food intake and repeated a similar diet before Trials 2 and 3. The three treatments (H, S, and P) were provided in beverage form. S was a commercially available sports drink (Gatorade, Barrington, IL). For the H treatment, honey was mixed into the placebo (lemonade-flavored drink sweetened with NutraSweet), and 110 mg sodium were added per 240 ml of fluid to be comparable to S in this electrolyte. Both H and S were 6% carbohydrate and were fed in volumes to provide 0.5 g/kg carbohydrate at each of the two consumption times for a total of 1.0 g/kg over the trial. This translated to 8.8 ml/kg of the treatment beverage 30 min before the start of the exercise test and at the 10-min halftime for all treatments. To ensure that the composition of H was as uniform as possible, clover honey from a single source was used. The participants were not informed about the formulation of the beverages to remove any bias in performance. In an exit survey administered after completion of all performance tests, the percentages of participants who correctly identified the H, S, and P treatments were 50%, 20%, and 20%, respectively. Dietary analysis of reported consumption 48 hr before testing was conducted using Nutritionist Pro software (Axxya Systems, Stafford, TX).
Blood Measures
All blood samples (~25 ml each) were drawn via venipuncture by a certified medical laboratory technician before beverage ingestion (B1), immediately after the PSR test to exhaustion (B2), and 1 hr after the test (B3). Venous blood was drawn at each time point using tubes containing no anticoagulant or the anticoagulant ethylenediamine tetra-acetic acid or heparin (for ORAC analysis). Small aliquots were collected before centrifugation for determination of whole-blood hemoglobin concentration and hematocrit, and the remaining blood was centrifuged at 1,500 g for 10 min. Plasma samples for protein-free ORAC (ORAC pca ) were pre-pared immediately according to Prior and Cao (1999) . Blood collected in a serumseparation tube stood for 15 min and was centrifuged at 2,500 g for 15 min. All serum and plasma samples were then stored at -80 °C until analysis.
Plasma was used to measure total ORAC (ORAC total ) and ORAC pca plasma antioxidant capacity according to the method described by Huang, Ou, HampschWoodill, Flanagan, and Prior (2002) . Plasma IL-6, IL-10, and serum IL-1ra were measured in duplicate using high-sensitivity ELISA procedures (R & D Systems, Minneapolis, MN). Intra-and interassay coefficients of variation for the three cytokines were less than 11.9% and 6.4% (IL-6), 14.4% and 10.3% (IL-10), and 4.4% and 3.4% (IL-1ra), respectively. The minimum detectable doses for the cytokine kits were 0.016 pg/ml (IL-6), 0.5 pg/ml (IL-10), and 2.15 pg/ml (IL-1ra).
Serum glucose was measured by enzymatic colorimetric assay (Stanbio, Boerne, TX), and plasma insulin and cortisol were measured by ELISA (Diagnostic Systems Laboratories, Inc., Webster, TX). Intra-and interassay coefficients of variation for insulin were less than 10.5% and 7.2% and for cortisol, less than 5.1% and 3.9%. The minimum detectable doses for the insulin and cortisol kits were 0.26 IU/ml and 0.1 g/dl. Whole-blood hemoglobin was measured spectrophotometrically (Stanbio, Boerne, TX), hematocrit by centrifugation of capillary tubes, and changes in plasma volume using the method described by Dill and Costill (1974) .
Statistics
Statistical analysis was carried out using SPSS software for Windows (version 14.0; SPSS Inc., Chicago, IL). Group data were expressed as M ± SEM, and a p value of <.05 was considered significant. Baseline characteristics of participants were analyzed using descriptive statistics. Effect of treatments on PSR times was assessed using one-way analysis of variance (ANOVA) comparing the three PSR tests that followed each soccer simulation. PSR performance was also analyzed using paired t tests comparing each treatment's postsoccer simulation PSR with the baseline PSR. Other performance measures (HIRs, agility tests, shooting tests) and blood measurements were compared using two-way, repeated-measures ANOVA with time points (T1-T5 for performance and B1-B3 for blood). A post hoc Tukey's test was used when significant F ratios were found for main or interaction effects. To investigate whether baseline values affected the response of variables, ANCOVA was used with baseline values as covariants. Similar results were obtained for both repeated-measures ANOVA and ANCOVA analysis, so all results are reported as ANOVA. All cytokine data were normalized to the pretest measurements before analysis. Mauchly's test was used to determine sphericity for ANOVA; if violated, the Greenhouse-Geisser correction was applied. Outliers that were greater than 2 SDs from the mean were removed from analysis and replaced with the mean.
Results
Diet and Performance Measures
Dietary analysis revealed no difference in total daily energy consumption or percent macronutrient intake between H (7.91 ± 0.89 MJ; 46.0% ± 0.8% CHO, 34.5% ± 2.5% fat, 18.4% ± 1.7% protein), S (8.88 ± 0.66 MJ; 44.5% ± 3.2% CHO, 32.7% ± 3.7% fat, 20.0% ± 0.9% protein), and P (9.06 ± 0.45 MJ; 46.3% ± 3.1% CHO, 32.4% ± 2.3% fat, 19.3% ± 0.8% protein) for the 48 hr before each performance test. Participants remained weight stable for the course of the study. Figure  2 shows results for performance measures. For the HIR there was an overall time effect in that T2-T5 (48.5 ± 1.6, 49.0 ± 1.7, 48.7 ± 1.4, and 49.5 ± 1.5 s) were significantly slower than T1 (42.6 ± 1.1 s), but no main effect for treatment or interaction between time and treatment was observed. In the agility and precision ball-shooting drills, there were no effects of time or treatment or interactions. A decrease in time to exhaustion for the PSR was observed from baseline for all treatments (-22.9% ± 5.8%), with no main effect for treatment. There was a progressive increase in rating of perceived exertion, with significantly higher values after T2-T5 than T1 and a 27.5% increase after the PSR; there was no treatment effect.
Glucose, Insulin, Cortisol, and Plasma Volume
Time effects but no main treatment effects or interactions were observed for all blood measures except cortisol. Plasma volume significantly decreased by 1 hr posttreatment for all treatments (-11.0% ± 1.4% H, -5.4% ± 1.7% S, -7.7% ± 1.7% P), indicating that some hemoconcentration occurred during the performance test. Blood glucose (see Table 2 ) increased 15.6% posttest from pretest values for all trials and then dropped below pretest values 1 hr posttest. Insulin was significantly lower than posttest values at 1 hr posttest.
Inflammation and ORAC
Plasma IL-1ra levels increased significantly posttest for S (65.5%), P (63.9%), and H (25.8%). However, the increase in H was significantly less than S posttest and P at 1 hr posttest (see Table 3 ). For all treatments, the cytokines IL-6 and IL-10 increased posttest compared with pretest values by 548% and 514%, respectively. No main effect for treatment or interaction between treatment and time was observed. There was a time effect but no differences in ORAC total and ORAC pca by group or interaction of groups over time (see Table 3 ). Both ORAC total and ORAC pca increased 15% posttest and fell to pretest values after 1 hr recovery. Excluded outliers included 1 participant for all cytokines in the H trial because of excessive reported exercise before testing and an IL-1ra value for another participant at a time point in the P trial that was abnormally elevated to an extent that suggests a technical error. 
Discussion
The objectives of the study were to compare the effect of two carbohydrate-containing beverages with that of flavored water on a performance test designed to simulate the demands of soccer and to determine the effect of the soccer simulation and the interventions on inflammation. As expected, fatigue and blood cytokine levels increased in response to the simulation test. The treatments differentially affected only one marker of inflammation-the honey-containing beverage blunted the rise in IL-1ra after the exercise test.
Soccer-Simulation Test and Fatigue
Our soccer protocol, developed to simulate the activity profile of competitive soccer matches (Bangsbo et al., 1991) , caused a 16% decline in high-intensity running speed over the 90 min of the test and a 23% reduction in performance on the PSR to exhaustion at the end of the protocol. We included a longer HIR test instead of timed sprints to account for the significant amount of high-intensity running during a soccer game and because it has been shown to be sensitive to fatigue (Mohr, Krustrup, & Bangsbo, 2003) . It is not surprising that the declines in our test were greater than those observed by others who used shorter sprints to assess performance during a soccer game (Krustrup et al., 2006) .
We did not observe a decline in skill over time, as measured by agility time or percent of goal shots made. Similarly, other research groups have failed to detect an effect of a soccer simulation on agility and shooting-accuracy measures (Abt, Zhou, & Weatherby, 1998; Cox et al., 2002; Zeederberg et al., 1996) . Recently developed tests of ball-passing and -shooting skills (Ali et al., 2007; Rampinini et al., 2008) were more influenced by fatigue in that performance dete- riorated over a simulated match. However, this may be the result of glycogen-depleting exercise performed the night before the test (Ali et al.) .
Carbohydrate and Soccer Performance
Some studies (Ali et al., 2007; Welsh et al., 2002; Winnick et al., 2005) but not others (Clarke, Drust, MacLaren, & Reilly, 2005; Morris, Nevill, Thompson, Collie, & Williams, 2003; Zeederberg et al., 1996) support the value of carbohydrate ingestion to improve performance during prolonged exercise bouts that simulate team sport. For example, Ali et al. reported an improvement in the shooting-drill test but not the passing drill when a carbohydrate-electrolyte solution was ingested every 15 min during an intermittent shuttle-running test. Our finding that carbohydrate did not affect performance suggests that either carbohydrate was not limiting for this task or the consumption regimen was not ideal. The total amount of carbohydrate provided by the two carbohydrate treatments in our study (1.0 g/kg) is similar to those used in studies in which carbohydrate improved performance in team-sport simulations (Ali et al.; Nicholas, Williams, Lakomy, Phil- 0.82, and 1.15), 143.5, and 152.3) , and IL-10 (1.15, 1.01, and 1.13).
lips, & Nowitz, 1995), but we provided the beverage less frequently to mimic actual access during soccer play. Other studies using an intermittent shuttle-run test to simulate soccer provided beverages approximately every 15 min, whereas participants in our study had over 45 min between beverages. In support of the importance of beverage timing, Zeederberg et al. similarly did not observe improved soccer skill relative to placebo when the beverages were ingested 15 min before a soccer match and at halftime. It is possible that increasing the frequency of ingestion of beverages in our study may have had a greater influence on these performance measures and plasma glucose levels, but its applicability to real soccer play is less valid because few players have access to beverages as frequently as every 15 min. A recent study of soccer play observed a reduction in muscle glycogen of 42% over a game when players ingested only water (Krustrup et al., 2006) . This reduction in muscle carbohydrate storage was not reflected by a drop in blood glucose. In fact, similar to our observation, there was a modest increase in blood glucose at the end of the game. This suggests that body carbohydrate did not become limiting, but it may be that the hyperglycemia that occurs when carbohydrate is ingested frequently is critical to observe an ergogenic effect (Ali et al., 2007) .
Carbohydrate, Inflammation, and Antioxidant Status
H delayed the rise in IL-1ra posttest compared with the other two treatments. IL-1ra is an anti-inflammatory cytokine that is produced in response to increased release of IL-6, predominantly from working muscle during exercise (Gleeson, 2007) . Because there were similar changes in IL-6 concentrations between treatments, this does not explain reduced IL-1ra concentration in the honey-fed trial. If the cytokine response in our study was influenced by reactive oxygen species, it is possible that the exogenous antioxidants or other phenolic compounds in H delayed the anti-inflammatory response of IL-1ra. The potential for honey to provide antioxidants was demonstrated by Gheldof et al. (2003) , who reported increased ORAC in healthy males 2 hr after acute consumption of buckwheat honey. Conversely, we did not observe an increase in ORAC in participants who consumed the honey-sweetened beverage concurrent with exercise. Slowed absorption time with exercise may partially explain the similar ORAC values between treatments. Clover honey was used in our study because it is more accessible to consumers, but it likely had lower total phenolic content than buckwheat honey. However, the ORAC measurement does not provide information on intracellular antioxidant content, and it is therefore possible that honey provided some compounds that interrupted intracellular production or release of IL-1ra. The similar increase in ORAC for all treatments after the exercise was likely secondary to an increase in uric acid, which has been reported after a competitive soccer match (Ascensao et al., 2008) . ORAC represents the collective antioxidant capacity from numerous compounds in the blood, and it is likely that the exercise response overshadowed the effect of the honey ingestion for this measurement.
Contrary to our findings, other research groups have reported that blood IL-6 concentration was attenuated with carbohydrate supplementation in studies of prolonged, continuous exercise (Bishop et al., 2002; Nieman et al., 2005) . This was hypothesized to be caused by reductions in blood glucose that stimulate the sympathetic nervous system to release catecholamines, which may then promote IL-6 release. Blunting of IL-6 by carbohydrate ingestion during intermittent shuttle running similar to our protocol was achieved with more frequent carbohydrate ingestion that ultimately increased blood glucose compared with the control (Bishop et al.) . Because we did not observe a reduction in blood glucose, the inflammatory response was most likely stimulated by other mechanisms such as reduced muscle glycogen stores (Keller et al., 2005) , elevated cytosolic calcium levels during muscle contraction (Febbraio & Pedersen, 2002) , and/or production of reactive oxygen species during exercise.
Limitations
One of the limitations of this study was that although a comparison of our results and those of others suggests that carbohydrate consumption frequency may be a deciding factor for performance enhancement, we did not test this directly. It is also possible that a higher total amount of carbohydrate fed in the two boluses could have been ergogenic. However, this would have required feeding a proportionally higher carbohydrate solution than is typically recommended; our participants ingested high volumes during the two feeding periods (~700 ml for an 80-kg individual) that appeared to be near their limit for comfortable ingestion in the time provided. Finally, we chose to use highly trained, competitive athletes to increase reliability in their performance, but this meant we did not control the participants' training and eating schedules as well as would be desired.
Conclusion
This study demonstrates a novel, alternative technique for controlling pace in team-sport simulations. The soccer-simulation test we developed caused fatigue and acute increases in inflammation-responsive factors, although honey slightly muted the anti-inflammatory response to exercise. Acute ingestion of carbohydrate before and during the halftime of a soccer-simulation test was not ergogenic. It is possible that increasing the frequency of carbohydrate consumption would have improved performance; however, this is not practical for most players in a real game situation. Until additional research on the dosage and timing of honey consumption is conducted, our results indicate that honey, and carbohydrate in general, may not be beneficial for performance at this ingestion frequency for trained soccer players. The potential implications of blunting the anti-inflammatory response to exercise with honey could be further pursued.
